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[57] ABSTRACT

Polar structures in microscopic object areas, such as, for
example, electric or magnetic dipoles, can be locally
selectively detected with high resolution if either reso-
nant ultrasonic waves are induced 1n the object area by

‘a locally effective high-frequency field and are detected

by means of a focused acoustic lens arrangement, or
electric or magnetic high-frequency oscillations are
induced in the object area by focused ultrasonic waves
and are detected by an appropriate receiver. By com-
paring the phases and/or amphtudes of the induced and
of the detected waves, these provide information on the
existence and the direction of the dipoles. Existing di-
pole alignments can be made energetically unstabie by a
critical direct-current electric or magnetic field and
locally selectively reversed by the focused ultrasonic
beam.

23 Claims, 4 Drawing Figures
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METHOD AND APPARATUS FOR LOCAL
SELECTIVE DETECTION AND GENERATION OF
POLAR STRUCTURE ALIGNMENTS IN
MICROSCOPIC OBJECT AREAS

BACKGROUND OF THE INVENTION

The present invention relates to a method and appara-
tus for local selective detection of polar structures in
microscopic object areas and for local selective genera-
tion of polar structures with defined, stable alignment in
microscopic areas of suitable objects.

It is known that both biological and crystalline or
amorphous objects can have structures which are re-
sponsible for piezo-electric or magnetostrictive reac-
tions of the objects. The basis for these effects is the
existence of polar structures such as, in particular, elec-
tric or magnetic dipoles. In the biological field, for
example, a cell membrane structure displays piezo-elec-
tric behavior. Certain plastic films can be excited into
piezo-electric oscillations because of their ordered poly-
mer structure. Magnetostrictive properties are predomi-
nantly utilized in systems generating ultrasonics (modu-
lators). A purely magnetic alignment forms the basis of
- many data storage systems. In scientific research and,
particularly, in the technology of data storage, a re-
quirement exists to detect and, if possible, also to influ-
ence the existence and the distribution of the electric
‘and magnetic dipoles in ever smaller object areas.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method and apparatus for selective detection and gener-
ation of polar structure alignments in order to achieve a
resolution which is comparable or superior to that of
- methods of investigation by optical microscopy.

A further object of the present invention is to provide
a method and apparatus in which the exciting radiation
field differs from the detected radiation field so that
they do not interfere with each other.

According to the present invention, the method for
local selective detection of polar structures in micro-
scopic object areas comprises directing a high-fre-
quency radiation field having a frequency w onto an
object area using a locally effective transmitter to excite
the object area and to induce in the object area resonant
ultrasonic waves at the frequency w or a harmonic of w.
The induced ultrasonic waves are detected using an
acoustic lens arrangement focused on the object area.
The detected ultrasonic waves are converted into elec-
tric signals and the phase or amplitude of the exciting
high-frequency field and the converted ultrasonic
waves are compared with each other.

In accordance with other aspects, the invention also
includes a method for local selective detection of polar
structures in microscopic object areas, comprising di-
recting a focused ultrasonic beam of frequency w onto
the microscopic object area using an acoustic lens ar-
rangement to excite the object area and to induce in the
irradiated object area high-frequency oscillations at the
frequency w or a harmonic of w. The induced oscilla-
tions are detected using a locally effective receiver and
" the phase or amplitude of exciting ultrasonic waves and
the induced high-frequency field are compared with
each other.

The radiation field may be an electric high-frequency
field used for detecting electric polar structures.
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The radiation field may also be a magnetic high-fre-
quency field used for detecting magnetic polar struc-
tures. |

Optionally, a direct current magnetic field may be
superimposed on the high-frequency magnetic field for
exciting magnetic resonance.

In accordance with further aspects, the invention
includes a method for the local selective generation of
polar structures with defined, stable alignment in micro-
scopic areas of suitable objects, comprising subjecting
the object area to a critical direct-current field to cause
the polar alignment to become unstable and focusing an
ultrasonic beam on the object area to bring the unstable
polar structures into the required new stable alignment.

The invention also includes an apparatus for detect-
ing polar structures contained in a microscopic object
area. The apparatus comprises an acoustic lens system
focused on the microscopic object area, and tuned to
operate at a frequency or harmonics thereof and a radia-
tion system directed onto the same object position and
tuned to operate at the same frequency as said acoustic
lens system, or harmonics thereof. One of the acoustic
lens system and the radiation system transmits signals to
the object area and the other receive corresponding
signals from the object area induced by the transmitted
signals. A comparator compares the phase or amplitude
of the transmitted signals with said received signals.

The acoustic lens system and the radiation system
may be located opposite each other on different sides of
the object area, or the acoustic lens system and the
radiation system may be arranged on the same side of
the object area.

The radiation system may be a high-frequency elec-
tric field system, or a high-frequency magnetic field
system.

An additional component may be directed onto the
object area under examination for generating a direct-
current radiation field of adjustable, critical intensity for
producing polar structures with certain alignments.

Also, a permanent magnet may be provided having
lines of flux of which are in alignment with those of the
high-frequency magnetic field. |

BRIEF DESCRIPTION OF THE DRAWINGS

In the text which follows, the subject-matter of the
invention is explained in greater detail with the aid of
the drawing. The figures show diagrammatically 1illus-

trative preferred embodiments of the invention. In the

drawings:

FIG. 1 shows an arrangement for the detection of
electric dipoles by ultrasonic detection, and

FIG. 1a shows an alternative electrode arrangement,
and

FIG. 2 shows an arrangement for the detection of
magnetic dipoles by HF detection, while

FIG. 2a shows the conductor loop 23 thereof.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention is based on the finding that the
dipoles in piezo-electric or magnetostrictive structures
can be excited by an external high-frequency field into
oscillations or precession movements which, 1n turn,
generate ultrasonic waves having the frequency of exci-
tation. These ultrasonic waves can be detected with the
aid of an acoustic lens arrangement known from acous-
tical microscopy and can be converted into electric
signals. Due to design parameters such as, for example,



4,669,313

3

lens material and curvature of the lens surface, the
acoustic lens arrangement defines a focal area which,

with correspondingly high ultrasonic frequencies, can
be smaller than in the case of optical objectives. Since

the acoustic lens arrangement accepts only the ultra-
sonic waves originating in the focal area, 1t 1s only the
acoustic lens arrangement which determines the size of
the object area under examination. The apparatus for
generating locally limited high-frequency fields can
easily have a greater extent than this object area.

The same considerations also apply if the dipoles are
excited into oscillations or precessions with the aid of a
focused ultrasonic field and during this process generate
high-frequency oscillations of the same frequency.
Here, too, the extent of the ultrasonic focus defines the
size of the object area under examination. To be able to
receive the oscillations emanating from this object area,
the receiver for the high-frequency oscillations needs
only to be directed towards it.

The further advantage of the method according to
the invention consists in that a physical difference exists
in every case between the exciting radiation field and
the detected radiation field so that the two radiation
fields do not interfere with each other. This considera-
bly facilitates separation of the signals. The frequency
and the intensity both of the exciting high-frequency
field and of an exciting ultrasonic wave field can be
easily controlled, which makes it possible to obtain an
optimum match to the object characteristics. A further
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a direct-current magnetic field in the object area under
examination with the aid of which field a resonant exci-
tation of the magnetic dipoles can be achieved.

Since the generation of ultrasonics and the conver-
sion of ultrasonics after the detection are carried out
with the aid of piezo-electric transducers, electric sig-
nals are available both in the signal-excitation step and
in the signal-detection step of the method, the mutual
phase relationship and amphitude of which signals can
be determined. In this process, the direction of polariza-
_tion of the dipoles can be determined from a phase shift
whilst the intensity of the detection signal permits con-
clusions to be drawn on the number and strength of the
dipoles.

In F1G. 1, a piezo-electric film 10 of polyvinylidene
fluoride (PVDF) is to be examined. A tape-shaped film
- of this material can be used, or example, as an audiotape
on which the information items are stored in digital
form. The individual bit zones 11, 12 are characterized
by electric dipoles having different directions of polar-
1zation which are represented by the directions of the
arrows 1n FIG. 1.

For the detection of the dipole groups, the PVDF
tape 1s passed through a high-frequency electric field 13
which emanates from the tip of a needle-shaped trans-
mitting electrode 14. The frequency of oscillation o 1s,
for example, in the GHz range. This arrangement then
makes it possible to achieve, for example, a resolution of
about 1 um. The dipoles follow the exciting oscillation
with a phase shift which i1s a function of their direction
of polarization and, in turn, generate ultrasonic oscilla-
tions in synchronism with the exciting oscillation.

Opposite to the transmitting electrode, an acoustic
lens arrangement 1s provided. This contains an ultra-
sonic objective 15 consisting of a sapphire rod into
which a lens surface has been ground, and a piezo-elec-
tric transducer 16 which normally consists of a zinc
oxide layer (ZnO) which is enclosed between two lay-
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ers of gold acting as electrodes. The ultrasontc objec-
tive 15 i1s focused on the PVDF tape and collects only

the ultrasonic waves entering the cone 17 of sound
waves shown. A water drop 18 acts as a coupling me-

dium for the transition of the ultrasonic beams from the
PVDF type 10 to the uitrasonic objective 135. It can be
seen that even with a very pointed transmitting elec-
trode 14, the high-frequency field 13 irradiates a much
larger area than is selectively covered by the ultrasonic
objective 15. On the one hand, this makes it possible to
carry out detailed examinations within the dipole
groups 11, 12 and their boundary regions and, on the
other hand, a much denser bit sequence could be se-
lected which can still be resolved by the acoustic iens
arrangement.

If, due to the object structure, the depths of penetra-
tion of the HF field and of the ultrasonic focus on the
object are not adequate for the transmission arrange-
ment shown in FIG. 1, 1t is also possible to arrange the
transmitting electrode 14 on the same side as the ultra-
sonic objective 15. In this arrangement, the tip of the
HF electrode must be directed towards the focal area of
the ultrasonic objective. For generating a locally lim-
ited high-frequency field, an arrangement is also suit-
able which consists of a plate 14" and an opposite annu-
lar electrode 14". The ring can be located on the same
side as the acoustic lens arrangement, the ultrasonic
focus being located in the inner area of the ring (FIG.
2a).

The exciting high-frequency oscillations and the elec-
tric signals produced at the piezo-electric transducer 16
are processed in a phase and/or amplitude measuring
and comparing circuit 19 for further signal evaluation.
If the PVDF tape 10 is moved relative to the measuring
arrangement, the phase of the measuring signal will
remain constant for as long as the dipole group 12 passes
through the focal area of the ultrasonic objective. The
amplitude of the measuring signal can change as a func-
tion of the density of the dipoles but becomes zero in the
area between the dipole groups. As soon as, for exam-
ple, dipole group 11 is detected by the ultrasonic objec-
tive, a phase jump occurs in the measuring signal.

In the illustrative embodiment of FIG. 2, the measur-
ing task consists of detecting a vertical magnetization
existing in a magnetic tape 20, and the direction of the
magnetic dipoles 21, 22. The ultrasonic rays can be
induced also in this case by a locally effective high-fre-
quency magnetic field which is generated by a conduc-
tor loop 23 through which a high-frequency current
flows. The frequency of oscillation w i1s, for example,
again in the GHz range. Due to the precession of the
magnetic dipoles, ultrasonic waves are then generated
which can be detected by the acoustic lens arrangement
already described. The precession of the magnetic di-
poles can be magnified by a superimposed direct-cur-
rent magnetic field.

FIG. 2 shows the case where the acoustic lens ar-
rangement 15, 16, excites the dipoles into a precession
movement with the aid of the focused ultrasonic beam
17 and in this manner an alternating magnetic field of
the same frequency is generated which is detected with
the aid of the current loop 23. The excitation of the
dipoles is here limited to a much smaller area than is
utilized for detecting the induced magnetic field. For
the rest, the same considerations apply as for the ar-
rangement of FIG. 1. The arrangement can be advanta-
geously supplemented by the arrangement of an addi-
tional direct-current magnetic field 24. In this field, the
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dipoles in the magnetic tape 20 can be resonantly ex-
cited with appropriate choice of the ultrasonic fre-
quency. The resonant frequency of the dipoles 22 (spin
up) is clearly different from that of the dipoles 21 (spin
down) so that a comparison of the amplitudes provides
another criterion for the detection of the dipole direc-
tions.

With a suitable choice of the field strength of the
permanent magnets 24 (for example a samarium mag-
net), the possibility also exists of using the arrangement
described for generating certain magnetic dipole align-
ments. For the magneto-optical storage of information,
materials are known which can be magnetized at right
angles to the surface and in which this direction of
premagnetization can be locally reversed by optical
radiation. As an example, thin films of an amorphous
ferromagnetic alloy of gadolinium acid iron (GdFe) are
mentioned. If, in the arrangement of FIG. 2, such a film
- is used as the magnetic tape 20, the premagnetized di-
poles can be energetically raised by the constant field of
the magnet 24 to such an extent that the magnetic com-
pensation temperature of the alloy (Curie point) is
nearly reached. Using a pulse-modulated ultrasonic
beam, the energy of the dipoles can then be raised above
the Curie point so that the direction of polarization
reverses in synchronism with the modulation. With a
moving recording medium, the storage densities that
can be achieved in this manner are at least as great as
with optical recording techniques. If ultrasonic frequen-
cies of several GHz are used, the storage density could
even be increased because of the reduced focal extent.
However, it is essential that the information written in
can also be read out again with the same resolution by
the same arrangement after the direct-current magnetic
field has been switched off.

What is claimed is:

1. A method for local selective detection of polar
structures in microscopic object areas, comprising:

directing a high-frequency radiation field having a

frequency @ onto an object area using a locally
effective transmitter to excite the object area and to
induce in the object area resonant ultrasonic waves

~ at the frequency @ or a harmonic of w;

detecting the induced ultrasonic waves using an

acoustic lens arrangement focused on the object
area;

converting the detected ultrasonic waves into electric

signals; and

comparing the exciting high-frequency field and the

converted ultrasonic waves with each other.

2. A method as claimed in claim 1, wherein said radia-
tion field is an electric high-frequency field used for
detecting electric polar structures.

3. A method as claimed in claim 1, wherein said radia-
tion field is a magnetic high-frequency field used for
detecting magnetic polar structures.

4. A method as claimed in claim 3, including the step
of superimposing a direct-current magnetic field on the
high-frequency magnetic field for exciting magnetic
resonance.

5. A method as claimed in claim 1, wherein said com-
paring step comprises comparing the phases of said
exciting field and said converted waves.

6. A method as claimed in claim 1, wherein said com-
paring step comprises comparing the amplitudes of said
exciting field and said converted waves.

7. A method for local selective detection of polar
structures in microscopic object areas, comprising:
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directing a focused ultrasonic beam of frequency w
onto the microscopic object area using an acoustic
lens arrangement to excite the object area and to
induce in the irradiated object area high-frequency
oscillations at the frequency w or a harmonic of w;

detecting the induced oscillations using a locally ef-
fective recelver; and

comparing the exciting ultrasonic waves and the in-
duced high-frequency field with each other.

8. A method as claimed in claim 7, wherein said radia-
tion field is an electric high-frequency field used for
detecting electric polar structures.

9. A method as claimed in claim 7, wherein said radia-
tion field is a magnetic high-frequency field used for
detecting magnetic polar structures.

10. A method as claimed in claim 9, including the step
of superimposing a direct-current magnetic field on the
high-frequency magnetic field for exciting magnetic
resonance.

11. A method as claimed in claim 7, wherein said
comparing step comprises comparing the phases of said
exciting field and said converted waves.

12. A method as claimed i1n claim 7, wherein said
comparing step comprises comparing the amplitudes of
said exciting fteld and said converted waves.

13. A method for the local selective generation of
polar structures with defined, stable alignment in micro-
scopic areas of suitable objects, comprising:

subjecting the object area to a critical direct-current
field to cause the polar alignment to become unsta-
ble; and

focusing an ultrasonic beam on the object area to
bring the unstable polar structures into the required
new stable alignment.

14. An apparatus for detecting polar structures con-

tained in a microscopic object area, comprising:

an acoustic lens system focused on the microscopic
object area, and tuned to operate at a frequency o
or harmonics thereof; and

a radiation system directed onto the same object area
and tuned to operate at the same frequency as said
acoustic lens system, or harmonics thereof;

wherein one of said acoustic lens system and said
radiation system transmits signals to said object
area to excite said object area and the other re-
ceives corresponding signals from said object area
induced by said transmitted signals; and

a comparator for comparing said transmitted signals
with said received signals.

15. An apparatus as claimed in claim 14, wherein the
acoustic lens system and the radiation system area lo-
cated opposite each other on different sides of the ob-
ject area.

16. An apparatus as claimed in claim 14, wherein the
acoustic lens system and the radiation system are ar-
ranged on the same side of the object area.

17. An apparatus as claimed in claim 14, wherein the
radiation system is a high-frequency electric field sys-
tem.
18. An apparatus as claimed in claim 17, including
additional means directed onto the object area under
examination for generating a direct-current radiation
field of adjustable, critical intensity for producing polar
structures with certain alignments.

19. An apparatus as claimed in claim 18, wherein the
additional means is switchable.



4,609,313
7 8

20. An apparatus as claimed in claim 14, wherein the additional means directed onto the object area under
radiation system is a high-frequency magnetic field  examination for generating a direct-current radiation

system. field of adjustable, critical intensity for producing polar
21. An apparatus as claimed in claim 20, including a Jus L yOrP P
5 structures with certain alignments.

permanent magnet having lines of flux of which are in

alignment with those of the high-frequency magnetic 23. An apparatus as claimed in claim 22, wherein the
field. additional means 1s switchable.

22. An apparatus as claimed in claim 20, including . I
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